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sheng et al based on structural differences. 5, 6 KIF20A, a member of kinesin-6 family, was identified as a motor protein required for coupling actin and microtubule cytoskeletons that ensure the spatial coordination between the forming of Golgi/transGolgi network membranes by RAB6-positive vesicles fission and their exit along microtubules. 7 Furthermore, KIF20A has a microtubule-dependent plus-end motility and, therefore, has been involved in different cellular processes such as formation of the mitotic spindle and chromosome partitioning. 8 Besides its important functions in mitosis, KIF20A was first found to be overexpressed in pancreatic ductal adenocarcinoma (PDAC). 9 When downregulated the endogenous KIF20A in PDAC cell lines by small interfering RNA, the cell growth was drastically inhibited. 9 This result indicated that KIF20A might work as an oncogene in PDAC. Further investigation in human hepatoma cell lines exhibited high KIF20A levels as well, whereas it was undetectable in normal human hepatocytes. 10 RNAi-mediated KIF20A knockdown in hepatoma cells induced polyploidization, which is consistent with its essential function in promoting cytokinesis and inhibition of cell proliferation without inducing apoptosis. 10 KIF20A was first noticed in GC because of a significant decrease in its expression by vorinostat treatment, which induced the apoptosis and autophagy of GC cells. 11 Furthermore, Yan et al 12 showed that the cell viability of GC SGC7901 cells was inhibited by KIF20A RNAi, which illustrated the important role of KIF20A. Afterward, peptide derived from KIF20A was used as immunotherapy vaccine alone or combined with other peptides/chemotherapy drugs to treat GC, which achieved remarkably higher overall survival (OS) rate. [13] [14] [15] [16] These studies revealed that KIF20A should be a promising therapeutic target for cancers. However, the expression of KIF20A and its role as well as the clinical values in GC still remain unclear.
Genistein, one of the most important isoflavones, has been shown to have anticancer effects in many cancers, without exerting toxic effects on normal cells. 12, [17] [18] [19] [20] In GC, Yan et al 12 showed that genistein can induce mitotic arrest by downregulation of KIF20A, which inhibited cell viability and induced G2/M arrest. Therefore, genistein might be a potential drug targeting KIF20A in GC. In our study, we tested its antitumor effects in GC cell lines.
Notably, an increasing number of studies have revealed that genistein inhibits the proliferation of cancer cells by cooperatively or synergistically enhancing the effect of antitumor drugs. It has been reported that genistein promotes the antitumor effect in coordination with tamoxifen in estrogen receptor-positive breast cancer cells, 21 with 5-fluorouracil in colon cancer cells, 22 and with cisplatin in breast and colon cancer cells. 23 According to the National Comprehensive Cancer Network clinical practice guidelines in oncology (2017), fluorouracil and cisplatin are the first-line therapy in GC. Therefore, we examined if genistein could sensitize GC cells to fluorouracil or cisplatin treatment.
In this study, we initially determined high KIF20A expression status in human GC tissues and cell lines. We found that high levels of KIF20A could promote cell proliferation. Importantly, this high expression level was significantly correlated with clinicopathologic characteristics and poor prognosis. Genistein can inhibit the cell growth and enhance the antitumor effect of fluorouracil or cisplatin against KIF20A high-expression GCs.
Patients and methods Materials
Genistein, cisplatin, and fluorouracil were purchased from Selleck Chemical (Shanghai, China), and stock solutions were prepared in dimethyl sulfoxide (Sigma-Aldrich, St Louis, MO, USA) at a concentration of 50, 10, and 10 mM, respectively. Antibody for KIF20A was purchased from Santa Cruz Biotechnology (Dallas, TX, USA). Actin antibody was obtained from TransBionovo (Beijing, China).
Patients and tissue samples
After obtaining written informed consent from all the patients and approval of the Ethics Committee of Anhui Medical University, tissue specimens were collected and immediately preserved in liquid nitrogen in the First Affiliated Hospital of Anhui Medical University (Hefei, China). One hundred and twenty-two GCs and 24 normal gastric mucosa tissues were subjected to immunohistochemistry (IHC). Thirty-seven GCs and their corresponding adjacent normal tissues were examined by quantitative real-time PCR (qRT-PCR), in which 12 pairs were selected and detected by Western blot. None of the patients received preoperative treatment. According to the TNM staging guide (2010) released by the American Joint Committee on Cancer, pathological diagnosis was identified by at least two pathologists. 
Cell culture and lentivirus infection
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KiF20a in gastric cancer FBS and 1% penicillin/streptomycin in a humidified incubator at 37°C with 5% CO 2 . AGS cell line was derived from the Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences. The other five cell lines were kindly supplied by Dr Chunwei Peng from the Department of General Surgery, the First Affiliated Hospital of Anhui Medical University. RPMI-1640 medium, FBS, and penicillin/ streptomycin were purchased from Thermo Fisher Scientific (Waltham, MA, USA).
KIF20A overexpression lentiviral vector GV358 (KIF20A-OE, Ubi-KIF20A-3FLAG-SV40-EGFP-IRESpuromycin) and GV358 empty vector (CON238, Ubi-MCS-3FLAG-SV40-EGFP-IRES-puromycin) were obtained from Genechem (Shanghai, China). GV248 vector was used to interfere with KIF20A expression; the shRNA target sequences for human KIF20A (hU6-KIF20A-Ubiquitin-EGFP-IRES-puromycin) were as follows: shKIF20A-1: 5′-CAGAAGAATATAAGGCTGT-3′; shKIF20A-2: 5′-GTTCCTGCATGATTGTCAA-3′; shKIF20A-3: 5′-GATGACGATGTCGTAGTTT-3′. CON077 (hU6-MCSUbiquitin-EGFP-IRES-puromycin) with the target sequence of 5′-TTCTCCGAACGTGTCACGT-3′ served as a control. The procedures of lentivirus packaging and infection were performed as described previously. 24 Overexpression and knockdown of target genes efficacy were analyzed by Western blot.
Rna extraction and qRT-PCR analysis
Total RNA was extracted from the 37 pairs of fresh specimens or cells using TransZol Up Plus RNA Kit (Transgen, Beijing, China). After synthesizing the first strand cDNA via RevertAid First Strand cDNA Synthesis Kit (Thermo Fisher Scientific), qRT-PCR was performed in triplicate using FastStart Essential DNA Green Master reactions (Roche, Mannheim, Germany) on a Roche LightCycler 96 Real-Time PCR System (Roche). The primer sequence for KIF20A detection was as follows: forward primer 5′-ACTTTGCG-GCTATGCGAGGAT-3′ and reverse primer 5′-TGAGAA-GATGCTGTGACTGCG-3′. The reaction conditions were as follows: denaturation at 95°C for 10 minutes, followed by 40 cycles of 95°C for 15 seconds, 60°C for 20 seconds, and 72°C for 20 seconds, with a final extension at 72°C for 30 seconds. β-Actin served as the internal control with the primers: forward 5′-TCTGGCACCACACCTTCTACA-3′ and reverse 5′-AGGGATAGCACAGCCTGGATA-3′. The relative expression of each sample was calculated using the 2 −ΔΔCT method.
Western blot
By homogenization in lysis buffer (150 mM NaCl, 50 mM Tris-HCl pH 8.0, 1% Triton X-100, and 1 mM EDTA), proteins were extracted from tissues or cells and quantified using BCA Protein Assay Kit (Beyotime, Shanghai, China). Then the proteins from each sample were separated by SDS-PAGE and transferred onto Immobilon P membrane (EMD Millipore, Billerica, MA, USA). After hybridization with a primary antibody followed by secondary antibody incubation, the signals on the membranes were visualized using SuperSignal West Pico Chemiluminescent substrate (Thermo Fisher Scientific). 
Cell viability assay
Colony formation assays
A total of 3,000 cells infected by different lentiviruses were seeded into six-well plates. After 7 days of incubation, colonies were fixed with 4% paraformaldehyde for 15 minutes at room temperature and then washed with PBS. Then 0.5% crystal violet was used to stain the fixed cells for 30 minutes, followed by the washing step under tap water. Then the plates were left to dry overnight. Finally, the number of colonies (>50 cells/colony) was counted. Each assay was repeated at least three times.
immunohistochemistry
Before IHC, H&E-stained slides were screened to identify optimal intratumoral tissue for analysis. Multiple 4 μm sections were cut with a Micron microtome, and then the sections were baked at 63°C for 1 hour, deparaffinized with xylene, and rehydrated through graded ethanol solutions and finally washing in distilled water. Antigen retrieval was performed by placing the sections in 0.01 M citrate buffer pH 6.0 in a pressure cooker for 5 minutes at 120°C. After antigen retrieval, the endogenous peroxidase activity of the To inhibit nonspecific antigen-antibody reactivity in the IHC assay, the sections were blocked by 1% BSA. Then the slides were incubated with the primary antibody, anti-KIF20A antibody (1:2,000; Thermo Fisher Scientific) overnight at 4°C followed by washing. Thereafter, the sections with bound primary antibody were detected by horseradish peroxidase-labeled anti-rabbit IgG secondary antibodies at room temperature for 30 minutes, followed by washing and visualization using an autostainer link instrument, and then staining was performed. The IHC stained slides were scored by two independent experienced pathologists who had no prior knowledge of the clinicopathologic information of these patients. We classified immunoreactivity in cells based on staining as follows: negative, nucleus only stained, cytoplasm only stained, nucleus and cytoplasm both stained. We categorized these subgroups as nucleus negative and positive, and cytoplasm negative and positive. According to the dominant staining intensity of GC mucosa cells and normal mucosa cells, the scores were classified into four grades based on the percentage of staining (0 points for no cells stained, 1 point for <25% of cells stained, 2 points for 25%-75% of cells stained, and 3 points for >75% of cells stained), and the staining intensity of immunoreactivity was graded on a scale of 0-3 (intensity scores): negative (0), weak (1), moderate (2), and strong (3). The immunoreactivity score (IRS) was defined as multiplication of both parameters. Specimens were scored as follows: negative or weak (−, IRS=0-2), positive (+, IRS=3-9).
Data mining
Data mining and analysis of KIF20A mRNA expression were conducted using data sets from the Oncomine. 25 The prognostic value of KIF20A mRNA expression was retrieved from Kaplan-Meier Plotter. 26 
statistical analysis
GraphPad Prism 6 software (GraphPad Software, Inc.) was used to present graphs. Statistical analyses were conducted using SPSS 22.0 software (IBM Corporation, Armonk, NY, USA). The differential expression of mRNA between paired fresh frozen GCs and normal tissues was analyzed by paired t-test. The relations between KIF20A expression and clinicopathologic characteristics were assessed by the Pearson chi-squared test. OS was analyzed by Kaplan-Meier method, and the significant differences of survival curves were displayed by the log-rank test. Multivariate survival analysis was performed using the Cox proportional hazards regression model. All statistical tests were two sided. P<0.05 was considered statistically significant. *, **, ***, and **** corresponded to P<0.05, P<0.01, P<0.001, and P<0.0001, respectively.
Results
KiF20a is upregulated in gC
In order to investigate the expression level of KIF20A in GC, we first performed qRT-PCR in a cohort of 37 fresh GC tissues together with their corresponding adjacent normal tissues. The mRNA expression level of KIF20A was significantly higher in 56.76% (21/37) of GC tissues when compared with their matched controls ( Figure 1A) . Subsequently, among the KIF20A upregulated samples, 12 were selected and their protein expression levels were examined. They were upregulated in GC tissues at the translation level as well ( Figure 1B) . Furthermore, in the Oncomine database, the mRNA expression profiles of KIF20A in GC and normal tissues were analyzed, whose results were consistent with our study ( Figure 1C ). In addition, KIF20A was overexpressed in GC MGC-803, BGC-823, NCI-N87, SGC-7901, and AGS cell lines when compared with immortalized human gastric mucosal epithelial cell line GES-1 (Figure 2A ). Taken together, our results demonstrate that KIF20A is upregulated in GC at both mRNA and protein levels.
KiF20a affects cell proliferation in gC cells
To explore the effect of KIF20A on the proliferation of GC cells, we adopted shRNA constructs to repress KIF20A as well as overexpression construct to increase the expression of KIF20A and examined their functions. AGS and MGC-803 cell lines, in which KIF20A was the most and the slightest upregulated comparing to normal control (Figure 2A ), were chosen for the functional studies. The knockdown or overexpression efficiency was first validated after 48 hours of infection by lentivirus. Western blot assay showed that the protein levels of KIF20A were reduced by all three shRNAs in AGS and MGC-803, respectively ( Figure 2B ). Compared with the empty vector CON077, shKIF20A-2 and shKIF20A-3 significantly decreased the KIF20A protein level in both cell lines. When transfected with the overexpression vector, slight increase in KIF20A was identified in both cells ( Figure 2B ), which might be due to the inhibitory effect of their high endogenous protein 
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KiF20a in gastric cancer level. We thereby examined whether KIF20A expression affected cells' short-term viability (72 hours) and long-term proliferative potential (7 days). As shown in Figure 2C , knockdown of KIF20A via shRNAs dramatically inhibited cell viability in both cell lines. Meanwhile, KIF20A overexpression slightly promoted cell viability in MGC-803, but no significant difference was found in AGS. Considering AGS has the highest KIF20A expression level, the additional overexpression may show little effect. Furthermore, the long-term proliferative potential shown by KIF20A was observed by colony formation assay. Consistent with the cell viability analysis, knockdown of KIF20A inhibited the colony formation, whereas KIF20A overexpression group showed more colonies ( Figure 2D ). These results indicate that KIF20A expression is positively associated with the growth of GC cells.
Upregulation of KIF20A is significantly associated with the clinical prognosis of gC patients
As high KIF20A level promotes GC cell proliferation, it may lead to the rapid progression of tumors and influence the prognosis of patients. Therefore, we further investigated whether GC patients with overexpressed KIF20A had a poorer prognosis than KIF20A-negative patients. A tissue microarray (TMA) consisting of 122 GC tissues and 24 normal gastric tissues was conducted. As shown in Figure 3A, 
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KiF20a in gastric cancer GC tissues and in 29.17% (7/24) of normal gastric tissues (P<0.05). Within the tumor, KIF20A staining was predominantly found in the cytoplasm. Less than 10% of the cancer cells also showed nuclear KIF20A positivity. In 45% of the GC samples, KIF20A staining intensity was weak to moderate. Chi-squared test was conducted to detect the associations between the protein expression level of KIF20A and several clinicopathologic variables of GC patients (Table 1) . Analysis showed that the protein expression level of KIF20A was significantly related to the histological grades (P=0.036).
While compared with the well-differentiated (low-grade) and moderately differentiated (intermediate-grade) samples, KIF20A protein expression was significantly higher in poorly differentiated and anaplastic samples that belonged to malignant grades. However, the expression of KIF20A had no significant relationship with gender, age, tumor diameter, depth of invasion, tumor location, lymph node metastasis, and TNM stage (Table 1) . Next, we assessed the clinical prognosis based on log-rank test in survival analysis. As shown in Table 2 , we found the depth of invasion, histological grade, lymph node metastasis, TNM stage, and KIF20A expression were statistically significant factors for OS in univariate analysis. Then, the multivariate Cox regression analysis was performed on these factors, except for depth of invasion and lymph node, which were included in TNM stage ( Table  2) . The results further supported them to be independent prognostic factors. Median survival time for patients with HR = 1.7 (1.36-2.13) log-rank P = 2.5e-06
Expression
Low ( Figure 3C ). Further examination of the results from a larger sample size (593 and 359 samples for OS and disease-free survival assay, respectively) using Kaplan-Meier plotter indicated that the GC patients with a higher mRNA level of KIF20A had much worse OS and disease-free survival rate ( Figure 3D ). Generally, these results indicated that KIF20A could be an independent prognostic factor for GC.
genistein combined with cisplatin or fluorouracil can be candidate therapies for gC
Our above results suggest that KIF20A could promote GC proliferation and is related to poor prognosis. KIF20A 
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KiF20a in gastric cancer may represent a molecular target for the treatment of GC. A previous study suggested that KIF20A was significantly downregulated by genistein in a dose-dependent manner. 12 So, we first examined the killing effect of genistein in AGS, the highest KIF20A level among the five GC cell lines. As expected, the expression of KIF20A was inhibited by genistein in a dose-dependent manner ( Figure 4A ). The concentration of genistein that had cell growth inhibition effect was in a micromolar range as its IC 50 value was about 20 μM ( Figure  4B ). Although numerous reports verified that there were no toxic effects exerted by genistein to normal cells, 12,17-20 its dose for inhibition tumor cell growth (nearly 100 μmol range) was relatively high and had potential risk in clinical application. So, we thought whether combining it with the first-line chemotherapy drugs in GC could enhance their antitumor effects. Therefore, we tested the cell growth inhibition effects of genistein together with cisplatin or fluorouracil. As shown in Figure 4C , AGS cells were treated with dimethyl sulfoxide control, genistein (10 μM), cisplatin (4 μM), fluorouracil (0.5 μM), genistein/cisplatin combination, and genistein/fluorouracil combination for 72 hours. Cell viability assay showed that cotreatment of genistein and cisplatin remarkably inhibited cell growth when compared with the single agents alone, indicating additive inhibitory effect in AGS cells ( Figure 4C) . Meanwhile, genistein also could enhance the antitumor activity of fluorouracil in AGS cells ( Figure 4C ). Then, we further examined the killing effect of cisplatin and fluorouracil in shKIF20A-1 AGS cells and obtained almost the same results as genistein combination experiments ( Figure 4D ). Overexpression KIF20A could rescue the cell growth inhibition by genistein ( Figure 4E ). These results demonstrated that genistein could inhibit the expression of KIF20A which repressed the growth of GC tumor cells, and downregulation of KIF20A could enhance the antitumor effect of first-line chemotherapy 
Discussion
The survival of eukaryotes depends on the accurate coordination of mitosis with cytokinesis. Previous studies indicated that KIF20A regulates mitosis and cytokinesis. 30, 31 For instance, KIF20A is essential for recruitment of PLK1 and chromosomal passenger complex to the central spindle in anaphase, which are key regulators of chromosome segregation and cytokinesis. [32] [33] [34] It suggests that dysregulated KIF20A may cause abnormal cell division and the generation of binucleated cells, leading to chromosomal aneuploidy and genomic instability in cancer. [35] [36] [37] Recent research has implied that overexpression of KIF20A is associated with a number of cancers including GC. [9] [10] [11] 38 However, the expression pattern and the function of KIF20A, as well as its association with the clinicopathologic features in GC are still unclear.
Therefore, we first explored the expression level of KIF20A in 37 GC patients and found that KIF20A expression is generally upregulated at both transcriptional and translational levels compared to its corresponding normal tissues. We noticed that some normal tissues had higher KIF20A expression as well. This might be due to the cutting positions of the normal tissues were too close to the tumors and some KIF20A-positive cells were mixed inside or its indeed upregulated in the normal gastric mucosa tissues in these patients. Thus, it is really interesting to study if these highly KIF20A basal expression level patients have different clinical features, especially poor prognosis, which we will illustrate in the future studies.
To investigate whether its overexpression is correlated with GC cell proliferation, we performed cell viability and colony assay using lentivirus-mediated up-and downregulation of KIF20A in GC cell lines. Notably, knockdown of KIF20A can significantly suppress cell proliferation, whereas overexpression of KIF20A can increase cell proliferation. AGS has the highest KIF20A expression level; in contrast, the lowest expression cell line is MGC-803 among the five GC cell lines selected by us. Unlike the effective knockdown, the overexpression was not significant, which might be due to the transfection efficiency of lentivirus or the inhibition effect of high endogenous KIF20A protein level. Due to the lower endogenous level of KIF20A in MGC-803, the overexpression was a little higher than in AGS, which led to more cell proliferation and colony formation. Although the silencing of KIF20A inhibited cell viability through induction of G2/M arrest, 12 the functional factors and pathways still remain unknown. Especially, the molecular mechanisms for the cell proliferation enhanced by KIF20A overexpression are worth investigating. Therefore, KIF20A plays a key role in GC cell proliferation.
These above findings prompted us to question the role of KIF20A in clinical features of GC. Analysis of TMA identified that GC patients with positive KIF20A expression showed higher differentiation in malignant grades; in contrast, no relationship was found with other clinicopathologic features such as depth of invasion, lymph node metastasis, and TNM stages. These results showed that KIF20A expression might only lead to the proliferation of tumor and has no relationship to tumor invasion and metastasis. Based on this hypothesis, KIF20A might be a valuable therapeutic target for GC proliferation. Kaplan-Meier analysis based on the TMA and database revealed that patients with positive KIF20A expression had a shorter OS. These results indicate that KIF20A could serve as a useful prognostic biomarker for GC. Interestingly, the OS rate in our patients was longer than in GC patients from the database. This difference might be due to the races of the patients. Our samples were from Chinese population and the patients studied in the database were almost from Western countries. However, whether Chinese GC patients have longer OS rate needs to be studied in detail.
Cisplatin and fluorouracil are the first-line chemotherapy drugs used clinically for GC. However, the strong toxicity and side effects limit their application. So, researchers want to find new agents which could make the GC sensitized to these chemotherapy drugs. Various reports proved that genistein, a KIF20A inhibitor, is safe for human health and it is considered as a promising chemopreventive agent to various types of cancer. 39 Genistein has a potential chemosensitive role, which shows synergistic effect with a number of widely used antitumor drugs such as docetaxel, tamoxifen, 5-fluorouracil, and cisplatin. [21] [22] [23] 40, 41 However, its role in GC had not been studied much. Therefore, we combined genistein with cisplatin or fluorouracil to treat the GC cells. The results showed that genistein had additive effect when treated together with cisplatin or fluorouracil in GC. To summarize, genistein could be considered as a promising enhancing agent of cisplatin and fluorouracil for the treatment of GC.
Conclusion
Using specimens from patients, our study has shown that KIF20A is upregulated at both mRNA and protein levels in 
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KiF20a in gastric cancer GC. Dysregulation of KIF20A significantly affects proliferation of GC cell lines, which demonstrates its important role in GC. Besides, the prognostic significance of KIF20A expression assays revealed that it is significantly associated with worse histological grades and acts as an independent prognostic factor for the OS of patients with GC. In addition, we illustrated that genistein, a drug inhibiting KIF20A expression, showed an enhanced anticancer effect with cisplatin or fluorouracil in GC, which might be helpful to develop new strategies to conquer GC. Taken together, we suggest that KIF20A should be considered as a candidate prognostic factor and therapeutic target for GC.
